INTRODUCTION {#sec1}
============

Protein-energy malnutrition (PEM) is the progressive loss of both lean body mass and adipose tissue resulting from insufficient consumption of protein and energy ([@bib1]). Older adults are particularly vulnerable to development of PEM. For example, the prevalence of PEM, defined as a BMI (in kg/m^2^) \<20, unintentional weight loss of ≥5% in the past 6 mo, or both, was observed to be 12% in Dutch community-dwelling older adults (≥65 y) with home care, 7% in those without home care, and 18% in those who were hospitalized or institutionalized ([@bib2]). Although the relative number of older adults with PEM is lowest in community-dwelling older adults, the absolute number is highest, because 90--97% of older adults live at home ([@bib3], [@bib4]). Given the aging world population ([@bib5]), the number of older adults suffering from PEM is expected to increase, which will likely increase rates of morbidity ([@bib6]), loss of independence ([@bib7]), and mortality ([@bib8]) and will lead to higher health care use ([@bib11]) and societal costs ([@bib12]).

The diet of a large number of community-dwelling older adults is of insufficient quality ([@bib13]). Previous research showed that the quality of the diet of community-dwelling older adults, as assessed by the Healthy Eating Index (HEI), could be rated as "poor" for 3--24% and as "needs improvement" for 68--75% ([@bib14]). Furthermore, it is generally known that one of the main risk factors for the short-term development of PEM is a negative energy balance due to a low energy and protein intake ([@bib1]), which is very common in older adults ([@bib18]). Social, health, and psychological factors that reduce or alter food intake are likely responsible for these lower intakes and thereby indirectly contribute to the development of PEM ([@bib19]). Because diet quality is a potentially modifiable risk factor for PEM, it may be an important target for its prevention.

Although a close link might be expected between poor diet quality and short-term development of PEM, it is less obvious whether poor diet quality predisposes the development of PEM over years. Research into the association between poor diet quality and PEM is scarce. Studies that investigated associations between dietary intake and PEM ([@bib22]), all with the use of the Mini Nutritional Assessment (Nestlé Nutrition Institute), were mainly cross-sectional ([@bib22], [@bib23]) and performed in hospitalized ([@bib22], [@bib24]) or institutionalized ([@bib23]) older adults. Studies that investigated associations of a diet quality indicator (e.g., Diet Quality Index score) with low BMI or weight loss in community-dwelling older adults ([@bib25]) were all cross-sectional and showed conflicting results. To our knowledge, whether poor diet quality is a risk factor for the long-term development of PEM in community-dwelling older adults has not been prospectively investigated. Therefore, the present study aims to determine associations of multiple indicators of diet quality with the long-term incidence of PEM in community-dwelling older adults.

METHODS {#sec2}
=======

Study population {#sec2-1}
----------------

The Health, Aging, and Body Composition (Health ABC) Study is a longitudinal cohort study aiming to examine risk factors for functional decline and disability in well-functioning older people, particularly focusing on changes in body composition with age. The Health ABC Study cohort includes 3075 community-dwelling black and white men and women aged 70--79 y living in the United States. Participants were recruited from a random sample of white Medicare-eligible residents and all black Medicare-eligible residents in the metropolitan areas of Memphis, Tennessee, and Pittsburgh, Pennsylvania, between April 1997 and June 1998. Participants were eligible if they met the following criteria: reported not using special equipment to get around; reported no difficulties walking 0.25 mile, climbing up 10 steps without resting, and performing basic activities of daily living; were free of cancer in the past 3y; planned to remain in the geographic area for ≥3 y; and were not enrolled in lifestyle intervention trials. All of the participants provided written informed consent. The study was approved by the institutional review boards of the University of Tennessee, Memphis, Tennessee, and the University of Pittsburgh, Pittsburgh, Pennsylvania.

Baseline measurements, comprising a home interview and a clinical examination, were performed in 1997--1998. Follow-up data were collected annually during a clinic visit, followed by a telephone interview after 6 mo. Dietary intake was assessed only at the first 12-mo follow-up examination of the Health ABC Study. Therefore, this examination served as the baseline for the present study.

Analytical sample {#sec2-2}
-----------------

Participants were excluded if they dropped out before the baseline examination of the present study (*n* = 77), had no data on BMI at baseline (*n* = 170), had missing dietary data (*n* = 115), had serious errors on the food-frequency questionnaire (FFQ) (*n* = 57), reported high energy intakes (i.e., \>3500 kcal/d for women or \>4000 kcal/d for men) (*n* = 41), suffered from PEM at baseline (*n* = 272), or had no follow-up data on involuntary weight loss (*n* = 109). Finally, 2234 participants were included in the analyses with PEM. An additional 22 participants had to be excluded for the analyses with persistent PEM, because they had no data on body weight (BW) at 3 consecutive follow-up examinations, leaving an analytical sample of 2212 participants ([**Figure 1**](#fig1){ref-type="fig"}).

![Flowchart of participants included in the statistical analyses. FFQ, food-frequency questionnaire; Health ABC, Health, Aging, and Body Composition; PEM, protein-energy malnutrition.](nqx020fig1){#fig1}

Assessment of PEM and persistent PEM {#sec2-3}
------------------------------------

During the annual clinical examination, standing height was measured to the nearest millimeter by using a Harpenden stadiometer (Holtain Ltd.). BW was measured to the nearest 0.1 kg by using a standard balance beam scale, with the participant wearing a standard clinic gown and without shoes or heavy jewelry. BMI was calculated by dividing measured BW (in kilograms) by measured height (in meters) squared. To minimize the influence of shrinking due to aging on BMI during follow-up, height measured at the Health ABC Study baseline examination was used in the calculation of BMI at all subsequent examinations. Weight loss in the past 12 mo was defined as the (relative) difference in measured BW between 2 consecutive annual follow-up examinations. Weight loss was considered unintentional if the participant reported the following: *1*) not having tried to lose weight in the past 12 mo or *2*) no loss of weight in the past 12 mo although substantial measured weight loss (i.e., ≥5%) was present. We defined PEM as a BMI (in kg/m^2^) \<20, involuntary weight loss of ≥5% in the past 12 mo, or both ([@bib18]). The BMI cutoff of 20 is commonly used for low BMI in older adults ([@bib18], [@bib28]), because optimal BMI is higher for older than for younger persons ([@bib20], [@bib31], [@bib32]). Persistent PEM was defined as suffering from PEM at 2 consecutive follow-up examinations (i.e., suffering from PEM in year *X* combined with either having a BMI at the following year equal to or below the BMI of year *X*, or deceased in the following year). BMI and involuntary weight loss were determined annually, enabling us to determine PEM and persistent PEM every year from baseline through the fourth and third follow-up visits, respectively.

Dietary assessment {#sec2-4}
------------------

Dietary intake over the preceding year was assessed by a 108-item, interviewer-administered modified version of the Block FFQ (Block Dietary Data Systems) ([@bib33]) at baseline (1998--1999). The FFQ food list was specially developed for the Health ABC Study on the basis of 24-h recall data from the NHANES III for older (\>65 y) black and white adults living in the Northeast or the South. Interviewers were trained and used wood blocks, food models, standard kitchen measures, and flash cards to assist the participants in estimating their usual portion sizes accurately. Intakes of energy, macronutrients, and food groups were calculated by Block Dietary Data Systems (Berkeley, California). We examined multiple indicators of diet quality: the HEI, energy intake, and protein intake. For the present study, we used the 10-component HEI of 1994--1996 ([@bib34], [@bib35]), a score that reflects a participant\'s compliance with the Dietary Guidelines for Americans of 1995 ([@bib36]) and the Food Guide Pyramid of 1992 ([@bib37]). Five components measure to what degree the participant's diet meets the age- and sex-specific serving recommendations, as specified in the Food Guide Pyramid, for 5 food groups: grains, vegetables, fruit, milk, and meat. Four components measure to what degree the participant\'s diet conforms to the dietary guidelines for intakes of total fat and saturated fat as percentages of total energy intake, total cholesterol, and total sodium. The last component measures the variety in the diet. Each component is assigned a score of 0 to 10, resulting in a sum score (the HEI) ranging from 0 to 100. A higher score reflects better diet quality. The HEI was categorized as good (score: \>80), needs improvement (score: 51--80), and poor (score: \<51) ([@bib34]). Energy intake was expressed in kcal/d. Protein intake was expressed in g/d and in g ⋅ kg BW^−1^ ⋅ d^−1^. We used adjusted BW instead of actual BW to determine protein intake in grams per kilogram of BW per day. Adjusted BW is the nearest BW that would place the participants with an undesirable BW in the healthy BMI range of 18.5--24.9 for adults aged ≤70 y and of 22.0--27.0 for adults aged ≥71 y ([@bib38]). We applied adjusted BW, because in overweight and obese people, much "extra weight" is fat tissue, whereas underweight people require extra protein to build muscle tissue. For the sake of readability, we will mention "g ⋅ kg BW^−1^ ⋅ d^−1^" when we refer to "g ⋅ kg adjusted BW^−1^ ⋅ d^−1^." We dichotomized protein intake in grams per kilogram of BW per day into low (\<0.8) and high (≥0.8) on the basis of the current Recommended Dietary Allowance for protein of 0.8 g ⋅ kg BW^−1^ ⋅ d^−1^ ([@bib39]).

Assessment of covariates {#sec2-5}
------------------------

At the Health ABC Study baseline examination, data on sociodemographic, lifestyle, and health-related factors were collected by using an interviewer-administered questionnaire. These data were used in our analyses, except for the variables (i.e., age, living arrangement, physical activity, smoking status, appetite, biting or chewing difficulty, and health status) that were also assessed at the first 12-mo follow-up examination.

Self-reported age, sex, and race were used. Educational level was assessed by self-reported highest grade of school completed and categorized into low (i.e., less than high school), medium (i.e., high school graduation), and high (i.e., postsecondary education). Income included all family income from salary, social security, retirement, help from relatives, and rent from property in the last year and was divided into 5 categories ranging from \<\$10,000 to ≥\$50,000 and unknown. Living arrangement was determined by the self-reported number of household members and categorized into living alone and living with others. In case the number of household members was missing, we used self-reported marital status. Married participants were assumed to live with others, whereas widowed, divorced, separated, or never married participants were assumed to live alone. Overweight was defined as a BMI (in kg/m^2^) between ≥25 and \<30 and obesity as a BMI ≥30 ([@bib40]). Physical activity was measured by using a modified leisure-time physical activity questionnaire ([@bib41]) and categorized into inactive (\<1000 kcal/wk of exercise activity and ≤2719 kcal/wk of total physical activity), lifestyle active (\<1000 kcal/wk of exercise activity and \>2719 kcal/wk of total physical activity) and exercise active (≥1000 kcal/wk of exercise activity) ([@bib41]). Smoking status was determined by self-reported smoking of cigarettes, pipes, or cigars and categorized into current, never, and former smokers. Current alcohol consumption (yes or no) was defined as the consumption of any alcoholic beverage in the preceding 12 mo, as derived from the FFQ. Appetite was assessed by using the question, "In the past month, would you say that your appetite or desire to eat has been...?" and dichotomized into good (very good and good) and poor (moderate, poor, and very poor). Biting or chewing difficulty was assessed by self-reported trouble biting or chewing any kinds of foods, such as firm meat or apples, and dichotomized into having (always, often, or sometimes) and not having (seldom, never) difficulties. The history or presence of chronic diseases (yes or no) was determined by using self-reported information on a physician\'s diagnosis of cancer, diabetes, cardiovascular disease, chronic pulmonary disease, and osteoporosis. Participants who reported that they did not know whether or not they have (had) the disease were supposed to have (had) not. For these chronic diseases, we combined data from the baseline and 6- and 12-mo follow-up examinations, if data were available. Kidney function was expressed as the estimated glomerular filtration rate (eGFR), which was calculated by using the 4-item Modification of Diet in Renal Disease equation ([@bib42]). Serum creatinine concentration, as derived from blood samples, and age from the Health ABC Study baseline examination were used. Cognitive function was determined by the Modified Mini-Mental State examination ([@bib43]), which is an abbreviated version of the Mini-Mental State Examination. Compared to the Mini-Mental State Examination, the Modified Mini-Mental State better differentiates among people with different stages of dementia (including nondementia) and has a higher reliability and higher sensitivity in detecting dementia ([@bib43], [@bib44]). Depression (yes or no) was assessed by the Center for Epidemiological Studies--Depression scale, a 20-item self-reported questionnaire for measuring the level of depressive symptomatology in the general population ([@bib45]). A score ranging from 0 to 60 can be obtained, with a score ≥16 indicating depression ([@bib46]). General health status indicates the participant's self-reported health and was dichotomized into good (excellent, very good, good) and poor (fair, poor).

Statistical analyses {#sec2-6}
--------------------

Baseline participant characteristics are presented as means ± SDs, medians with IQRs, or frequencies \[*n* (%)\]. Significant differences in baseline characteristics between participants who developed PEM and those who did not were tested by using chi-square tests for dichotomous and categorical variables and independent-samples *t* tests for continuous variables. Missing data were present on 15 covariates, with the proportion of missing values ranging from 0.04% (chronic pulmonary disease and osteoporosis) to 0.73% (eGFR and depression). The associations of indicators of diet quality with the incidence of PEM and the incidence of persistent PEM were examined by calculating HRs and 95% CIs by using multivariable Cox proportional hazards analyses. Follow-up time was defined, for PEM and persistent PEM separately, as the time between the baseline examination and *1)* the first diagnosis of (persistent) PEM, *2)* the last examination attended (e.g., due to loss to follow-up or death), or *3)* the third (for persistent PEM) or fourth (for PEM) follow-up examination (end of study period), whichever came first.

In the present analyses, the HEI was analyzed categorically by using the category "good" as the reference. Energy intake was analyzed continuously and in quartiles by using the highest quartile (quartile 4) as the reference. Protein intake was analyzed continuously when expressed in g/d and dichotomously for low (\<0.8) compared with high (≥0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) protein intake. For continuous variables, we reversed the scale by multiplying all individual values by −1, to assess the potential risk of (persistent) PEM for lower intakes.

HRs were adjusted for potential confounders by building 2 sequential models. Model 1 was adjusted for age, sex, race, study site, educational level, income, living arrangement, physical activity, smoking status, appetite, biting or chewing difficulty, and energy intake (the latter was not adjusted for when energy intake was the determinant of interest). Model 2 was additionally adjusted for history or presence of cancer, diabetes, cardiovascular disease, chronic pulmonary disease and osteoporosis, eGFR, cognitive function, depression, and health status. Effect modification by age, sex, race, appetite, BMI, and physical activity was examined for each of the indicators of diet quality separately by adding a product term to the univariable Cox regression model (crude model). Because of multiple testing, an interaction was considered significant at *P* \< 0.01. No significant interaction was observed.

The proportional hazards assumption was assessed by visual examination of log-log plots and by testing the interaction with time. No significant violations were observed. Statistical analyses were performed by using SPSS Statistics version 23 (IBM Corp.). Results were considered significant at *P* \< 0.05 (2-sided).

In an additional analysis, we examined the associations of intakes of several food groups with incident PEM and incident persistent PEM. We examined 7 food groups: dairy; meat, fish, poultry, beans, and eggs; grains; fruit and fruit juices; vegetables; fats, oils, sweets, and sodas; and liquid supplements. Liquid supplements include meal supplements or replacements (e.g., Ensure; Abbott), dieting milkshakes (e.g., Slim-Fast; Kainos Capital), or instant breakfast milkshakes (e.g., Carnation; Nestlé Health Science). Intakes of food groups were analyzed continuously in servings per day and use of liquid supplements dichotomously \[nonconsumers (0 kcal/d) compared with consumers (\>0 kcal/d)\]. Finally, in a sensitivity analysis, we examined associations of indicators of poor diet quality with 1-y incidence of PEM to find out whether the association between poor diet quality and incident PEM was different for short-term compared with long-term incidence of PEM.

RESULTS {#sec3}
=======

At baseline, participants (*n* = 2234) were, on average, 74.6 ± 2.9 y old; 50.4% were women and 63.7% were white ([**Table 1**](#tbl1){ref-type="table"}). The participants who developed PEM during the 4-y follow-up (*n* = 557) were older and more often women and black than those who did not. Furthermore, participants who developed PEM more often lived alone, were less often current smokers, and reported a poorer appetite, more difficulties with biting or chewing food, and a poorer health status.

###### 

Baseline characteristics of the community-dwelling older adults of the Health ABC Study cohort, according to the development of PEM during 4 y of follow-up^[1](#tb1fn1){ref-type="fn"}^

                                                            Developed PEM during 4 y of follow-up^2^   
  ----------------------------------------- --------------- ------------------------------------------ ----------------
  Participants, *n*                         2234            1677                                       557
  Age, y                                    74.6 ± 2.9^3^   74.5 ± 2.9                                 74.9 ± 2.8\*
  Female sex, *n* (%)                       1125 (50.4)     813 (48.5)                                 312 (56.0)^\#^
  White race, *n* (%)                       1424 (63.7)     1103 (65.8)                                321 (57.6)^\#^
  Memphis study site, *n* (%)               1085 (48.6)     804 (47.9)                                 281 (50.4)
  Educational level, *n* (%)                                                                           
   Low: less than high school               495 (22.2)      357 (21.3)                                 138 (24.9)
   Medium: high school graduation           733 (32.9)      556 (33.2)                                 177 (31.9)
   High: postsecondary education            1003 (45.0)     763 (45.5)                                 240 (43.2)
  Income, *n* (%)                                                                                      
   \<\$10,000                               233 (10.4)      156 (9.3)                                  77 (13.8)^\#^
   ≥\$10,000 to \<\$25,000                  725 (32.5)      538 (32.1)                                 187 (33.6)
   ≥\$25,000 to \<\$50,000                  659 (29.5)      490 (29.2)                                 169 (30.3)
   ≥\$50,000                                357 (16.0)      290 (17.3)                                 67 (12.0)
   Unknown (missing)                        260 (11.6)      203 (12.1)                                 57 (10.2)
  Living alone, *n* (%)                     648 (29.1)      465 (27.9)                                 183 (32.9)\*
  BMI, kg/m^2^                              27.8 ± 4.6      27.9 ± 4.6                                 27.3 ± 4.5\*
  Overweight (BMI: ≥25 and \<30), *n* (%)   986 (44.1)      750 (44.7)                                 236 (42.4)
  Obese (BMI ≥30), *n* (%)                  585 (26.2)      449 (26.8)                                 136 (24.4)
  Physical activity, *n* (%)                                                                           
   Inactive                                 460 (20.6)      328 (19.6)                                 132 (23.7)
   Lifestyle active                         1175 (52.7)     884 (52.8)                                 291 (52.3)
   Exercise active                          595 (26.7)      462 (27.6)                                 133 (23.9)
  Current smoker, *n* (%)                   168 (7.5)       108 (6.4)                                  60 (10.8)^\#^
  Current alcohol drinker, *n* (%)          822 (36.8)      628 (37.4)                                 194 (34.8)
  Poor appetite, *n* (%)                    441 (19.8)      294 (17.6)                                 147 (26.5)^\$^
  Biting or chewing difficulty, *n* (%)     454 (20.4)      300 (18.0)                                 154 (27.7)^\$^
  Diseases (ever had), *n* (%)                                                                         
   Cancer                                   485 (21.7)      365 (21.8)                                 120 (21.6)
   Diabetes                                 358 (16.0)      265 (15.8)                                 93 (16.7)
   Cardiovascular disease                   646 (29.0)      466 (27.9)                                 180 (32.4)\*
   Pulmonary disease                        398 (17.8)      288 (17.2)                                 110 (19.7)
   Osteoporosis                             191 (8.6)       135 (8.1)                                  56 (10.1)
  eGFR                                      72.5 ± 15.6     72.8 ± 15.2                                71.5 ± 16.5
  Cognitive function, 3MS score             91 ± 7          91 ± 7                                     90 ± 8\*
  Depression (CES-D score ≥16), *n* (%)     99 (4.5)        82 (4.9)                                   17 (3.1)
  Good general health status, *n* (%)       1928 (86.4)     1473 (87.9)                                455 (81.7)^\$^

^1^Significant differences were estimated by using chi-square tests (dichotomous and categorical variables) and independent-samples *t* tests (continuous variables). \**P* \< 0.05; ^\#^*P* \< 0.01; ^\$^*P* \< 0.001. CES-D, Center for Epidemiological Studies--Depression Scale; eGFR, estimated glomerular filtration rate; Health ABC, Health, Aging, and Body Composition; PEM, protein-energy malnutrition; 3MS, Modified Mini-Mental State Examination.

^2^Participants who developed PEM during the 4 y of follow-up and were free of PEM at baseline.

^3^Values are mean ± SD (all such values).

The quality of the diet, as assessed with the HEI, was rated as "needs improvement" for 73.0% of the participants and as "poor" for 6.4% ([**Table 2**](#tbl2){ref-type="table"}). A low protein intake (\<0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) was observed in 40.0% of the participants. The participants who developed PEM during the 4-y follow-up had, on average, similar HEI scores and energy intakes, and less often a low protein intake (\<0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) than did those who did not develop PEM.

###### 

Baseline diet quality of the community-dwelling older adults of the Health ABC Study cohort, according to the development of PEM during 4 y of follow-up^[1](#tb2fn1){ref-type="fn"}^

                                                                   Developed PEM during 4 y of follow-up^2^   
  ------------------------------------------------ --------------- ------------------------------------------ -------------
  Participants, *n*                                2234            1677                                       557
  Healthy Eating Index score, *n* (%)                                                                         
   Good (\>80)                                     460 (20.6)      346 (20.6)                                 114 (20.5)
   Needs improvement (51--80)                      1631 (73.0)     1233 (73.5)                                398 (71.5)
   Poor (\<51)                                     143 (6.4)       98 (5.8)                                   45 (8.1)
  Energy intake, kcal/d                            1829 ± 639^3^   1816 ± 634                                 1867 ± 653
  Energy intake in quartiles (kcal/d),^4^*n* (%)                                                              
   Q1: 1122 (441--1356)                            558 (25.0)      433 (25.8)                                 125 (22.4)
   Q2: 1557 (1356--1744)                           559 (25.0)      418 (24.9)                                 141 (25.3)
   Q3: 1954 (1744--2211)                           559 (25.0)      413 (24.6)                                 146 (26.2)
   Q4: 2610 (2211--3956)                           558 (25.0)      413 (24.6)                                 145 (26.0)
  Protein intake, g/d                              65.2 ± 0.36     65.2 ± 25.0                                66.6 ± 25.8
  Low protein intake,^5^*n* (%)                    894 (40.0)      687 (41.0)                                 207 (37.2)

^1^Significant differences were estimated by using chi-square tests (dichotomous and categorical variables) and independent-samples *t* tests (continuous variables). \**P* \< 0.05; ^\#^*P* \< 0.01; ^\$^*P* \< 0.001. Health ABC, Health, Aging, and Body Composition; PEM, protein-energy malnutrition; Q, quartile.

^2^Participants who developed PEM during the 4 y of follow-up and were free of PEM at baseline.

^3^Mean ± SD (all such values).

^4^Values are medians (minimum--maximum).

^5^Low protein intake: \<0.8 g ⋅ kg adjusted body weight^−1^ ⋅ d^−1^.

During the 4-y follow-up (mean ± SD: 3.5 ± 0.9 y), 557 of the 2234 (24.9%) participants developed PEM. No association was observed between a poor HEI score and incident PEM, after adjustment for sociodemographic, lifestyle- and health-related factors, and energy intake (model 2) ([**Table 3**](#tbl3){ref-type="table"}). We observed that a 100-kcal/d lower energy intake was associated with a 2% lower incidence of PEM (HR: 0.98; 95% CI: 0.97, 0.99). No association was observed between any measure of protein intake and incident PEM. In addition, none of the food groups examined was observed to be associated with incident PEM (**[Supplemental Table 1](#sup1){ref-type="supplementary-material"}**).

###### 

HRs (95% CIs) for the associations of indicators of diet quality with 4-y incidence of PEM and 3-y incidence of persistent PEM in the well-nourished, community-dwelling older adults of the Health ABC Study cohort^1^

                                              Risk of developing PEM (4-y follow-up)^2^   Risk of developing persistent PEM (3-y follow-up)^3^                                                                       
  ------------------------------------------- ------------------------------------------- ------------------------------------------------------ ----------------------- --------------------- --------------------- ---------------------
  Healthy Eating Index score                                                                                                                                                                                         
   Good (\>80)                                1.00 (ref)                                  1.00 (ref)                                             1.00 (ref)              1.00 (ref)            1.00 (ref)            1.00 (ref)
   Needs improvement (51--80)                 0.99 (0.80, 1.22)                           0.91 (0.73, 1.13)                                      0.93 (0.75, 1.16)       1.09 (0.75, 1.59)     0.94 (0.63, 1.38)     0.95 (0.64, 1.41)
   Poor (\<51)                                1.32 (0.93, 1.87)                           1.11 (0.77, 1.60)                                      1.15 (0.80, 1.66)       1.30 (0.69, 2.46)     0.92 (0.47, 1.81)     0.94 (0.48, 1.85)
  Energy intake per 100-kcal/d lower intake   0.99 (0.97, 1.00)\*                         0.98 (0.97, 0.99)^\#^                                  0.98 (0.97, 0.99)^\#^   0.98 (0.96, 1.00)     0.97 (0.95, 1.00)\*   0.97 (0.95, 0.99)\*
  Energy intake in quartiles (kcal/d)^6^                                                                                                                                                                             
   Q1: 1122 (441--1356)                       0.77 (0.60, 0.98)\*                         0.72 (0.57, 0.93)\*                                    0.71 (0.55, 0.91)^\#^   0.63 (0.41, 0.96)\*   0.59 (0.38, 0.91)\*   0.56 (0.36, 0.87)\*
   Q2: 1557 (1356--1744)                      0.90 (0.71, 1.14)                           0.88 (0.69, 1.11)                                      0.86 (0.67, 1.09)       0.86 (0.58, 1.28)     0.83 (0.55, 1.25)     0.82 (0.54, 1.23)
   Q3: 1954 (1744--2211)                      0.94 (0.75, 1.19)                           0.95 (0.75, 1.21)                                      0.93 (0.73, 1.18)       0.88 (0.59, 1.29)     0.88 (0.59, 1.32)     0.87 (0.59, 1.30)
   Q4: 2610 (2211--3956)                      1.00 (ref)                                  1.00 (ref)                                             1.00 (ref)              1.00 (ref)            1.00 (ref)            1.00 (ref)
  Protein intake per 10-g/d lower intake      0.98 (0.95, 1.01)                           0.99 (0.94, 1.05)                                      1.00 (0.94, 1.06)       1.01 (0.95, 1.07)     1.14 (1.03, 1.28)\*   1.15 (1.03, 1.29)\*
  Low compared with high protein intake^7^    0.86 (0.72, 1.03)                           0.94 (0.75, 1.18)                                      0.95 (0.76, 1.20)       0.96 (0.71, 1.29)     1.26 (0.85, 1.87)     1.30 (0.87, 1.93)

^1^HRs (95% CIs) were obtained from Cox proportional hazards analysis. \**P* \< 0.05; ^\#^*P* \< 0.01; ^\$^*P* \< 0.001. Health ABC, Health, Aging, and Body Composition; PEM, protein-energy malnutrition; Q, quartile; ref, reference.

^2^ *n* cases/total *n*: 543/2166 (differs from original sample size due to missing covariates).

^3^ *n* cases/total *n*: 181/2135 (differs from original sample size due to missing covariates).

^4^Adjusted for age, sex, race, study site, educational level, income, living arrangement, physical activity, smoking status, appetite, biting or chewing difficulty, and energy intake. By using energy intake as the independent variable, models 1 and 2 were not additionally adjusted for energy intake.

^5^Additionally adjusted for history or presence of cancer, diabetes, cardiovascular disease, chronic pulmonary disease and osteoporosis, estimated glomerular filtration rate, cognitive function, depression, and health status.

^6^Values are medians (minimum--maximum).

^7^HRs reflect the association for low (\<0.8 g ⋅ kg adjusted body weight^−1^ ⋅ d^−1^) compared with high (≥0.8 g ⋅ kg adjusted body weight^−1^ ⋅ d^−1^) protein intake.

Persistent PEM developed in 188 of the 2212 (8.5%) participants during the 3-y follow-up (mean ± SD: 2.7 ± 0.6 y). No association was observed between a poor HEI score and incident persistent PEM, after adjustment for confounders ([Table 3](#tbl3){ref-type="table"}). We observed that a 100-kcal/d lower energy intake was associated with a 3% lower incidence of persistent PEM (HR: 0.97; 95% CI: 0.95, 0.99). On the contrary, a lower absolute protein intake was associated with a higher incidence of persistent PEM (HR per 10-g/d lower intake: 1.15; 95% CI: 1.03, 1.29). A similar trend, although not significant, was observed for low (\<0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) compared with high (≥0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) protein intake (HR: 1.30; 95% CI: 0.87, 1.93). No associations of intakes of food groups with incident persistent PEM were observed ([Supplemental Table 1](#sup1){ref-type="supplementary-material"}).

The use of 1-y incidence of PEM (144 of 2131 cases) instead of 4-y incidence of PEM did not markedly change the results; we only observed a significant association between energy intake and 1-y incidence of PEM (HR for a 100-kcal/d lower energy intake: 0.97; 95% CI: 0.95, 1.00; *P* \< 0.05; HR for quartile 1 compared with quartile 4 of energy intake: 0.59; 95% CI: 0.36, 0.99; *P* \< 0.05).

DISCUSSION {#sec4}
==========

The present study in community-dwelling black and white older adults living in the United States showed that the majority of the participants consume a diet of insufficient quality. No associations of a poor HEI score (i.e., poor diet quality) with incident PEM or incident persistent PEM were observed. Unexpectedly, a lower baseline energy intake was associated with a lower incidence of PEM and persistent PEM, whereas there were some indications that a low protein intake was associated with a higher incidence of persistent PEM.

Comparison with other studies {#sec4-1}
-----------------------------

To our knowledge, this is the first study that examined the association between a diet quality indicator and incident PEM in community-dwelling older adults. Our findings indicate no associations of a poor HEI score with incident PEM or persistent PEM. One explanation for our null findings might be that the HEI does not include the components that best fit older adults' dietary requirements. The Dietary Guidelines for Americans, on which the HEI is based, were designed for the US population aged ≥2 y with the purpose to prevent chronic diseases ([@bib36], [@bib47]). The HEI is suitable for older adults as well because the guidelines for the 5 food groups contributing to the HEI are specified for different age and sex categories, including age ≥51 y ([@bib34]). The HEI has also been linked to diseases and aging-related conditions in older adults ([@bib15], [@bib48], [@bib49]). However, it is unknown whether the HEI is the most optimal index to assess the quality of older adults' diet. Considering the rapidly growing older population, it seems worthwhile to develop a specific dietary index for older adults that also focuses on the prevention of malnutrition and functional decline. Such an index does not yet exist; the prevention of chronic diseases is the basis for almost all diet quality indicators ([@bib50], [@bib51]), although the components that make up these indexes differ and might therefore yield different results. This notion is supported by previous cross-sectional studies on diet quality and low BMI or weight loss in community-dwelling older adults. One study showed that a low BMI (\<18.5) was associated with a lower Dietary Screening Tool score (i.e., poorer diet quality) in US men (aged ≥74 y) ([@bib26]), whereas another study showed that a low BMI (\<20.0) was associated with a higher modified Diet Quality Index--Revised score (i.e., better diet quality) in US men and women (aged ≥65 y) ([@bib27]). In a study in German men and women (aged ≥75 y), a lower Mediterranean diet score (i.e., poorer diet quality) was associated with higher rates of self-reported weight loss of \>4.5 kg in the past year ([@bib25]). The diversity in the literature as well as our null findings for intakes of food groups preclude us from drawing conclusions on whether poor diet quality is a risk factor for the development of PEM.

This study showed that a lower energy intake was associated with a lower incidence of PEM and persistent PEM, regardless of the time of follow-up (1 or 4 y). This unexpected finding should be interpreted carefully, because it is illogical from a physiologic perspective that a higher energy intake would predispose to PEM, unless latent diseases would have had a major influence on the participant's resting metabolic rate ([@bib52]). However, because we adjusted our associations for a number of (chronic) diseases, we assume that any existing disease will not fully explain our findings. Nevertheless, different people have different energy requirements (regardless of any existing disease), but the absence of data on energy requirements precluded us from determining if a person\'s energy intake was really insufficient. However, additionally adjusting our associations for BW, body height, and physical activity did not alter the results. The possibility that participants underreported their energy intake should also be considered ([@bib53]), but it is unclear how this could have affected our results. In sum, we cannot refuse the possibility that our finding is a chance finding and can neither confirm nor refute our hypothesis of energy intake being a risk factor for the long-term development of PEM.

The present study showed no associations of low (\<0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) compared with high (≥0.8 g ⋅ kg BW^−1^ ⋅ d^−1^) protein intake with incident PEM or persistent PEM. However, in an additional analysis, we observed that the HRs for low compared with high protein intakes were much higher (in absolute terms) when based on adjusted rather than on actual BW. The fully adjusted HRs (95% CIs) for low compared with high protein intakes on the basis of actual BW and adjusted BW were 0.79 (0.63, 0.98) and 0.95 (0.76, 1.20), respectively, for PEM, and 1.01 (0.69, 1.48) and 1.30 (0.87, 1.93), respectively, for persistent PEM. We expect these higher HRs for protein intake that is based on adjusted BW to be due to overweight and obese individuals because it is more difficult for them to reach the RDA of 0.8 g ⋅ kg BW^−1^ ⋅ d^−1^ if actual BW is used. We also observed that a lower absolute protein intake was associated with a higher incidence of persistent PEM, but not of PEM. Possibly, in the long term, protein intake is more strongly associated with a more chronic type of PEM. This idea is supported by a study that showed that a lower energy-adjusted protein intake is associated with a higher risk of lean mass loss in community-dwelling older adults ([@bib54]). Therefore, although the evidence from our study is weak, a low protein intake might be a risk factor for the long-term development of (persistent) PEM.

Strengths and limitations {#sec4-2}
-------------------------

The present study has a number of strengths. First, we used measured BW (from each annual examination) and measured height (from baseline) to calculate (low) BMI and (involuntary) weight loss, so our study outcomes do not rely on self-reported height, weight, or weight loss, which are prone to bias ([@bib55]). However, whether these are the best components to operationalize PEM is unknown due to the lack of consensus on the definition of PEM ([@bib56], [@bib57]) and its assessment, but we assume that these components are adequate because they are consistently used in the assessment of PEM ([@bib30], [@bib56], [@bib58]). Furthermore, we explicitly did not use a screening tool, because such a tool is developed to screen persons with (risk of) PEM, after which an assessment should be performed to determine the presence of PEM ([@bib59]). However, we acknowledge that other operationalizations of PEM exist, although they are not generally accepted ([@bib28], [@bib60], [@bib61]). Second, the annual clinical examinations allowed us to determine (persistent) PEM regularly. Third, the fact that we did not observe an interaction with race enhances the generalizability of our findings to other populations. However, because our cohort included only black and white persons, we cannot ascertain that our findings apply to other races. Fourth, we conducted a prospective cohort study with a long follow-up (mean: 3.5 y). It might also be worth investigating if the findings would be similar if persons were followed from middle to old age; however, because the Health ABC Study included well-functioning older adults, their dietary habits are likely comparable to their habits in midlife. This study also has some limitations. Dietary intake, which was measured with the use of an FFQ, was assessed over the previous year, which has been shown to be difficult and may have led to inaccurate estimates of food intake ([@bib62]). Furthermore, we cannot ignore the fact that the ability of an FFQ to estimate absolute dietary intake is limited ([@bib63], [@bib64]). We expect, however, that any arising misclassification was nondifferential, which may have attenuated the associations ([@bib65]) and contributed to the null findings for a poor HEI score and intakes of food groups. In addition, an FFQ has been shown to be suitable in cohort studies for ranking individuals according to their average dietary intake, in order to relate diet to disease outcomes ([@bib63], [@bib66], [@bib67]). We also cannot rule out the presence of residual confounding, but we expect this to have had little impact on our results because we adjusted for a wide range of confounders. Finally, the possibility of reverse causation has to be taken into account ([@bib68]), although this seems very unlikely because of the long follow-up and the exclusion of malnourished cases at baseline.

Conclusions {#sec4-3}
-----------

The findings of the present study in US community-dwelling black and white older adults do not indicate that poor diet quality is a risk factor for the long-term development of PEM, although there is an indication that a higher protein intake is associated with a higher risk of persistent PEM. More prospective studies in community-dwelling older adults are warranted to replicate our study.
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BW

:   body weight

eGFR

:   estimated glomerular filtration rate

FFQ

:   food-frequency questionnaire

Health ABC

:   Health, Aging, and Body Composition

HEI

:   Healthy Eating Index

PEM

:   protein-energy malnutrition.
